Plantago and Buddleia species, and has been shown to be identical with catalpol (Lunn, Edward & Edward, 1962) . Catalpol has not been found in the free state before, but occurs as its p-hydroxybenzoyl ester, catalposide, in the genus Catalpa. 2. A second glycoside of this type has been obtained in crystalline form from Buddleia, and has been shown to be a mono-O-methyl derivative of catalpol, for which the name 'methylcatalpol' is proposed. 3. Both Plantago and Buddleia species are known to contain aucubin. The concentrations of this glycoside and catalpol are comparable in Plantago. In Buddleia methylcatalpol predominates somewhat over catalpol. Yields of the individual glycosides were about 0-1% of the fresh weight of the leaves. 4. Bobbitt, Spiggle, Mahboob, Philipsborn & Schmid (1962) have suggested structures for catalposide and catalpol based on chemical and physical evidence, in particular on n.m.r. spectra. Reappraisal of this evidence and additional measurements have now confirmed these structures and show that the Buddleia glycoside is the 6-0-methyl derivative of catalpol.
While seedlings of various species were being examined for their content of soluble sugars it was noticed that aqueous extracts ofPlantago lanceolata (rib-grass, ribwort plantain) contained two substances that reacted on paper with the benzidinetrichloroacetic acid reagent (Bacon & Edelman, 1951) to give intensely coloured spots with strong fluorescence in ultraviolet light. One, having RP 0 35-0 40 in butan-l-ol-acetic acid-water (Partridge, 1948 ; rhamnose taken as RF 0.37) and giving a grey spot with pink fluorescence, was identified as aucubin (already known to be a constituent of Plantago; Bourdier, 1907) . The other, which gave a salmon-pink colour with yellow fluorescence and had a somewhat smaller RF (0.27-0.32), was obtained in crystalline form by partition chromatography on Celite (Lemieux, Bishop & Pelletier, 1956 ) and has been identified as catalpol (Lunn et al. 1962) , a product of the alkaline hydrolysis of catalposide, the characteristic glycoside of the fruit of Catalpa ovata (Claassen, 1888).
There was no evidence that catalposide itself was present inPlantago. Spots with colour reactions similar to those of aucubin and catalpol were usually seen near the solvent front of chromato-* Deceased 30 July 1963. 1 grams of extracts, but they were very faint in freshly gathered material. It seemed most likely that they were the corresponding aglycones.
A search for catalpol-like substances in plants of related Families (Scrophulariaceae, Lentibulariaceae) and in several species known to contain aucubin or related glycosides was at first unsuccessful. (In this connexion it was noticed, and confirmed by tests with an authentic sample, that asperuloside gives no reaction with the benzidine-trichloroacetic acid spray.) The fresh plant material examined included Aucuba japonica and Garrya elliptica, which both contained, as expected, large amounts of aucubin. However, extracts of the leaves of Buddle4a globoMa (another known source of aucubin; Trim & Hill, 1952) In Buddleia species a third glycoside is present. This, although evidently related to both the others, seemed from its infrared spectrum (D.M.S. no. 12903) and its colour reaction with benzidine to be closer to catalpol. On heating in N-sodium hydroxide it was rapidly transformed, giving a product with smaller Rp (0.25), which also indicated a close similarity to catalpol. The replacement of one hydroxyl group in the latter by a methoxyl group would give an empirical formula of C16H24010, which requires C, 51-1; H, 6'4; OMe, 8-2 (Found C, 51-3; H, 6'5; OMe, 8.1% ). This would explain the greater R. value relative to catalpol. Further confirmation of this relationship was obtained from n.m.r. measurements (see below), and by methylating both substances; in each case the same crystalline hexamethyl derivative was formed in good yield. Thus the third Buddleia glycoside is a mono-O-methyl derivative of catalpol, and might conveniently be named 'methylcatalpol'. Crystallographic evidence was consistent with this formulation. The liberation of glucose by the action of an emulsin preparation showed that the methyl group was located on the aglycone. It then seemed that the location of this methyl group could be settled by a consideration of the n.m.r. spectra of the glycosides and their derivatives.
The n.m.r. spectrum of methylcatalpol (in D20) was similar to that of catalpol in the same solvent, showing the vinyl proton as a quartet centred at 3.5 r with coupling constants J1 = 6 cyc./sec. and J2 = 2 cyc./sec and signals from three protons in the 456-S54 region. A sharp signal at 6-4i-(three protons), not present in the spectrum of catalpol, is attributed to the 0-methyl group.
From a consideration of the structure of catalpol [Bobbitt et al. (1962) ; (I) in Fig. 1 ] it should be possible to assign the methoxyl group to either C-6 or C-10 by comparing the spectra of the acetates of the two compounds in the 4 6-5 4 T region, since protons on carbons bearing secondary, but not primary, acetylated hydroxyl groups usually appear in this region (Jackman, 1955) . The acetyl derivative of methylcatalpol (in CDC13) is a pentaacetate (two acetate signals corresponding to 15 + 1 protons based on the vinyl signal centred at 3-7 -) and has signals from seven protons in the 4-6-5-4 r region. Catalpol hexa-acetate, however, has eight protons in this region, suggesting that the methyl group is at C-6. However, each compound has one more proton in the 4-6-5-4i-region than would be expected from structures based on (I). Careful measurements of the spectrum of catalposide acetate revealed that it also had eight protons in this region, and not seven as reported by Bobbitt et al. (1962) . Both integrals were based on their respective vinyl proton signals and on the ratios of their 4-6-5-4 r to 5-4-6-67 protons, which were clearly 8: 5 and not the expected 7: 6. These values did not appear to be consistent with the presence of only one secondary acylated hydroxyl group in the aglycones.
A possible explanation for the discrepancy (proposed by Professor von Philipsborn, personal communication) is that one of the C-10 protons [the C-10 protons are not equivalent in (I) because of the neighbouring asymmetric centre at C-8] has shifted from the 5-4-6-61-region in the glycosides to the 4-6-5-47 region in the acetates, after the introduction of several anisotropic acetyl groups. This has now been confirmed for methylcatalpol by spin-decoupling measurements.
The 6OMcyc./sec. spectrum of methylcatalpol shows a typical four-line AB-pattern in the 5 4-6-67 region, centred at '-= 5-68 and ' = 6-1 with JAB = 13cyc./sec., assigned to the coupled C-10 protons. In that of the acetate only one of the doublets (7 = 6-02) is easily seen; the other, having shifted to the 4-6-5-47 region, is partly obscured by other signals. The lOOMcyc./sec. spectrum, however, resolves the multiplet at lower field and shows clearly the presence of the second doublet at z = 5-2 with J = 13cyc./sec. Confirmation of this assignment was obtained by irradiating the sample in the region T = 5-2 (corresponding to the low-field C-10 proton), which caused collapse of the r = 6-02 doublet to a slightly broadened singlet. Hence the seven protons in the 4-6-5-47 region are accounted for, and the position of the methoxyl group on the secondary carbon atom C-6 is established.
The similarity of the spectra of catalpol acetate and catalposide acetate to that of methylcatalpol acetate indicates that their anomalous integrals may be explained in a similar fashion, and a full paper dealing with these substances is soon to be published by Professor von Philipsborn and his colleagues.
The presence of relatively large amounts of aucubin, catalpol and methylcatalpol in Buddleia would make this genus a very suitable material for the study of their biosynthesis and interconversion. There are many reports of the medicinal uses of the plantain (cf. Wren, 1932) , including references to its use in wound-healing and as a diuretic. Kimura, Okuda & Takano (1963) ) previously stored at -150 were chopped into boiling water, the pH remaining near neutrality. The whole was blended, again heated to boiling and filtered through cloth. Ethanol (2 vol.) was added to the filtrate. The precipitate was removed by centrifuging and the supernatant fluid evaporated to small bulk. This was applied to a column of a mixture of 40g. of British Drug Houses Ltd. Activated Charcoal and 40g. of Celite no. 535 and eluted with a gradient of aqueous ethanol made by dropping ethanol into 11. of 35% (v/v) ethanol, 5 ml. fractions being collected. Fractions 69-80 contained the unknown glycoside with traces of aucubin and catalpol (see below).
Fractions 53-63, which contained catalpol, with smaller amounts of aucubin, the unknown glycoside and sugars (sucrose, oligosaccharide etc.), were combined and evaporated to dryness, the pH being controlled by additions of Bio-Deminrolit resin (The Permutit Co. Ltd.). The residue was applied to a 20g. Celite column, which was developed with aqueous butan-l-ol, 5ml. fractions being collected. Fractions 50-56 were combined, evaporated to small bulk and applied to a further 20g. Celite column. Fractions 61-80 from this column contained almost pure catalpol, which was recrystallized from water (75mg.) and identified by its infrared spectrum.
Enzymic hydrolysi8. Dialysed aqueous homogenates of P. lanceolata contained a hydrolytic enzyme system or systems that attacked all three glycosides. In each case glucose was liberated and could be estimated by glucose oxidase (Huggett & Nixon, 1957) . Analyses of the crystalline glycosides by this nrethod gave a glucose content of 53% for aucubin (calc. 5; ?/O) and 48% for catalpol (calc.
50%).
All three glycosides were also hydrolysed by the crop juice of the snail Helix pomatia and by various emulsin preparations.
Identification of aucubin. Aucubin has already been shown to be present in Plantago species (Bourdier, 1907) . The crystalline material prepared from P. lanceolata had m.p. 1820, [C]21_171-70 (c 1-7 in water) and an infrared spectrum identical with that of an authentic specimen kindly provided by Dr A. R. Trim. Pharmacological propertie8. Samples of aucubin and catalpol were supplied to Edinburgh Pharmaceutical Industries Ltd., who reported that tests of anti-bacterial and anti-inflammatory effects were negative.
Identification of catalpol
This glycoside was accompanied by aucubin in extracts of all the samples of Plantago spp. and Buddleia spp.
examined. In butan-l-ol-acetic acid-water at 210 they had Rp values of about 0-25 and 0-35 respectively, calculated from Rp 0 37 for rhamnose. At higher temperatures the R, of rhamnose in this solvent was unchanged, but those of the glycosides increased, values of 0 37-0 39 being found for aucubin with solvent travel of 30 cm. on Whatman no. 1 paper at 250. Under these conditions the other glycoside had RF 0-31-0-32, the value given for catalpol by Lunn et al. (1962) .
Catalpol was prepared from a sample of catalposide kindly provided by Professor J. T. Edward: 1-25g. was dissolved in 40ml. of ethanol, and lOOml. of water and 24g. of De-Acidite FF (OH-form) were added. The mixture was heated at 500 for lhr. with occasional shaking; paper chromatograms indicated complete conversion into catalpol and small amounts of material of smaller Rp (possibly isocatalpol). The resin was removed by filtration and the filtrate evaporated to dryness (0-77g.). The material was recrystallized three times from methanol, but still contained some impurity and so was chromatographed on a 20g. Celite column and recrystallized from methanol, yielding 0-26g. of catalpol, m.p. 203-2050, [c]""5 -1020 [c0-98 in 90% (v/v) ethanol]. This material showed no depression of m.p. when mixed with the plantain glycoside. Additional confirmation of their identity was obtained from their infrared spectra and by the preparation of derivatives.
The glycoside from Plantago was acetylated at 250 with acetic anhydride in pyridine. After 24hr. hexane was added (cf. Lunn et al. 1962 ) and crystals appeared. These had properties identifying it with the 'heptaacetyl catalpol' of Lunn et al. (1962) , namely m.p. 1400, [oc] ' _88°(c 1-46 in chloroform); the band maxima found in the infrared spectrum agreed well with those given by Lunn et al. (1962) 40-6. C21H34010 requires C, 56-6; H, 7-6; OMe, 41-7%). That methylation was complete in one operation was confirmed by the infrared and n.m.r. spectra, which showed the absence of hydroxyl groups and the presence of six methyl groups/mol.
Methylation of Buddleia glyco8ide. The glycoside (55mg.) was dissolved in 0-3ml. of dimethylformamide and 0 4ml. of methyl iodide, 0 5g. of Ag20 was added, and the mixture was kept for 8hr. at 450 and overnight at 210. 
